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Summary
QUESTION: Regional differences in physical activity in
school-aged children and adults even within one country
with the same political and health care system have been
observed and could not be explained by sociodemographic
or individual variables. We analysed whether such differ-
ences were already present in preschool children.
METHODS: Swiss children from 84 childcare centres in
five cantons (Aargau, Bern, Fribourg, Vaud, Zurich) com-
prising about 50% of the population of the country par-
ticipated. Physical activity was quantified with accelero-
meters (ActiGraph, wGT3X-BT) and potential correlates
were assessed with measurements at the childcare centre
or questionnaires. Mixed regression models were used to
test associations between potential correlates of total phys-
ical activity (TPA), moderate-to-vigorous physical activity
(MVPA), light physical activity (LPA) or sedentary beha-
viour with a special focus on regional differences.
RESULTS: 394 of 476 children (83%) provided valid phys-
ical activity data (at least 2 weekdays and 1 weekend day
with 10 h recording; mean age 3.9 ± 0.7 years, 54% boys)
with 26% and 74% living in the French- and German-
speaking parts of Switzerland, respectively. Days consisted
of (mean ± standard deviation) 1.5 ± 0.5 h MVPA, 5.0 ±
0.6 h LPA, and 6.3 ± 0.8 h sedentary behaviour with an
average of 624 ± 150 counts/min TPA. TPA and MVPA
(but not sedentary behaviour or LPA) increased with age,
were higher in boys and children with better motor skills.
Abbreviations
BMI: body mass index
ISEI: International Socio-Economic Index
LPA: light physical activity
MVPA: moderate-to-vigorous physical activity
TPA: total physical activity
Despite controlling for individual characteristics, familial
factors and childcare exposure, children from the French-
speaking part of Switzerland showed 13% less TPA, 14%
less MVPA, 6% less LPA and 8% more sedentary beha-
viour than German-speaking children.
CONCLUSION: Beside motor skills and non-modifiable
individual factors, the regional sociocultural difference was
the most important correlate of phyical activity and sedent-
ary behaviour. Therefore, regionally adapted public health
strategies may be needed.
Trial registration: ISRCTN41045021
Key words: accelerometer; ActiGraph; childcare;
children; physical activity; socioecological model;
SPLASHY
Introduction
Physical activity is fundamental for adequate development
of children and important for their general health. Physical
activity promotes motor skills, prevents obesity, reduces
the risk of cardiovascular diseases, enhances bone density
and improves psychosocial health [1–4]. Nevertheless,
children spend several hours a day inactive [5] and even
most preschool children fulfil only a part of the recom-
mendations in international guidelines of at least 3 h of any
physical activity and at most 1 h of media use [6].
Understanding children’s physical activity and sedentary
behaviour provides the foundation for evidence-based
planning of interventions. Physical activity and sedentary
behaviour are highly complex behavioural patterns, which
have innumerable influencing factors. Although there may
be a variety of reasons such as climate or cohort effects that
can explain differences in physical activity between coun-
tries, cultural differences may also play a crucial role [7, 8].
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A possible explanation may be differences in sport policies
and access to sport facilities, which may explain why Swiss
school-aged children are more active than children in other
European countries [8]. In fact, they are more often en-
gaged in sports and are less likely to be overweight [9].
But even within Switzerland sociocultural differences may
have an impact on physical activity. Relatively large differ-
ences in physical activity were found between children of
native and non-native ethnicity, where immigrant children
spent significantly more time sedentary [10] or commuted
to school actively less often [9]. According to self-reported
information, sport participation is higher in the German-
than in the French-speaking populations of Switzerland in
children [11] as well as in adults [12]. French-speaking
kindergarten children have more adiposity, and are more
sedentary and less physically active than those from the
German-speaking area [10]. Although the two regions dif-
fer with respect to environmental characteristics (such as
availability of main or dead-end streets or green playing
areas), this could not explain the differences in physic-
al activity behaviour between the language boundaries in
early school-age children [13].
We hypothesised that differences in physical activity and
sedentary behaviour between language areas within
Switzerland may indeed be culturally engrained rather than
explained by other predictors such as individual or family
characteristics, the school system or the environment in
which the children live. Therefore, we aimed to determine
if these regional sociocultural differences in physical activ-
ity and sedentary behaviour could already be found in a
very young population, before they enter the mandatory
school system. For this purpose, we used baseline data of
a randomly selected cohort attending childcare, the Swiss
Preschoolers’ Health Study (SPLASHY).
Methods
Study design and participants
The overall aim of SPLASHY was to investigate how stress
and physical activity influence children’s health defined
as psychological well-being, adequate cognitive function-
ing, absence of adiposity and proficient motor skills as
described previously [14]. SPLASHY is a registered
(ISRCTN41045021) multicentre cohort study including 2-
to 6-year-old-children within two sociocultural areas of
Switzerland (French- and German-speaking parts).
Children were recruited from randomly selected childcare
centres in five cantons of Switzerland (Aargau, Bern, Fri-
bourg, Vaud, Zurich) comprising about 50% of the Swiss
population, stratified for area (urban vs rural) and socioeco-
nomic region of the childcare centres (high vs low). Eighty-
four of 639 contacted childcare centres participated; the
only exclusion criterion for preschool children was the in-
ability to perform the tests (e.g., motor or cognitive disab-
ility).
Measurements
Physical activity was monitored with an accelerometer
(wGT3X-BT, ActiGraph, Pensacola, Florida, USA) that
was continuously worn at the hip for at least 1 week. The
device is a small and lightweight tri-axial accelerometer
(4.6 cm × 3.3 cm × 1.5 cm, 19 g) that measures accel-
erations of the body in a three dimensional system. The
sampling rate of the accelerometer was set at 30 Hertz. Ini-
tialisation, downloading and converting was done with the
ActiLife software (version 6). Raw data were downloaded,
at a sampling epoch of 3 sec, able to capture very brief
episodes of physical activity, typical for preschool children.
For further data control by the statistical software R, the
raw files were converted (from gt3x into csv). Only the
activity behaviour during the day (between 7 a.m. and 9
p.m.) was analysed. Periods of 20 min or more of continu-
ous zeros were removed and considered as non-wear time
[15]. Data were valid if the children accumulated at least
two weekdays and one weekend day with a minimum of
10 h of wearing time. The epoch length of the valid days
was finally integrated from 3 to 15 sec and data were ex-
pressed as total physical activity (TPA; counts/min) and as
time spent in sedentary behaviour, or light or moderate-to-
vigorous physical activity (LPA and MVPA; min/day) ac-
cording to validated cut-points [16] and most recent recom-
mendations [17]. The cut-points were 25 and 420 counts/
15 sec for LPA and MVPA, respectively.
Gross motor skills were assessed by trained investigators
using a valid and reliable test (Zurich Neuromotor Assess-
ment) [18, 19]. A shortened version was used, which in-
cluded the assessments of pure and adaptive motor tasks,
and static and dynamic balance. All tests were video recor-
ded and analysed offline by trained evaluators. A total age
and gender adapted z-score was calculated for the quanti-
fication of gross motor skill performance for all children
with a full set of individual test items [18].
Questionnaires were completed by parents either on paper
or electronically according to their preference. They com-
prised information on age, sex, living area (French vs Ger-
man and urban vs rural), the migrant status of the child
(defined as yes if at least one parent was born outside
Switzerland), the presence of older siblings (yes-no), and
the workload of the parents (both/one single parent(s)
working vs only one of two parents working vs one single/
both parent(s) doesn’t/don’t work). The socioeconomic
status was calculated by coding the profession of both
parents with further transformation into the International
Socio-Economic Index (ISEI) value [20]. The higher of
the two parental ISEI values was taken for analyses. Fur-
thermore, parents provided information about their phys-
ical activity behaviour together with the child (categorised
into no physical activity vs at least once a week physical
activity with either mother/father or one organised physical
activity lesson vs at least 2–3 times a week physical activity
with either mother/father or several organised physical
activity lessons), home environment safety based on the
subjective perception of the road, neighbourhood, child and
yard safety [21] and the childcare attendance (number of
days per week).
Ethical considerations
The cantonal ethics committee of each study site (Vaud,
Berne, Fribourg and Zurich) approved the study protocol.
The study was conducted in accordance with the Declar-
ation of Helsinki. Children consented orally and parents
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gave their written informed consent for study participation
and families received CHF 200 for the collaboration.
Statistical analyses
The software R was used to conduct analyses (R version
3.2.1) and the significance level set at 0.05. Descriptive
analyses were performed for the whole sample and strati-
fied by invalid vs valid physical activity data and language
area. Differences between children with and without phys-
ical activity data and between children of French- and
German-speaking areas were compared with multilevel re-
gression models.
Based on the socioecological approach, multilevel models
were used to define potential correlates that might explain
variability and differences in physical activity and sedent-
ary behaviour in preschool children with a special focus
on the language area [22]. Models for TPA were selected
on the basis of the Bayesian information criterion for well-
known potential correlates of physical activity in this age
group, after literature research and checking for collinear-
ity. In a first step we fixed the core correlates that were
a priori included in all models 1–4 (set 1: language area
[French vs German], age, sex, socioeconomic status, living
area [urban vs rural], and season of physical activity meas-
urement [spring: March–May, summer: June–August or
autumn: September–November]). In each further model
(2–4) an additional set of potential correlates was added
(fig. 1). The potential correlates were grouped along the
socioecological model in a set of modifiable individual
factors (set 2: body mass index, motor skills), familial
factors (set 3: migrant status, parents workload, older sib-
lings, parent-child physical activity, safety), and a childcare
factor (set 4: childcare attendance). Childcare centres were
used as a random effect to account for variability among
these. Multiple imputation with a chained equations tech-
nique was done to obtain 40 complete datasets [23] on
the basis of the final model 4 for TPA, which included all
sets of potential correlates. For the other outcomes (MVPA,
LPA and sedentary behaviour) the same models as for TPA
were used. To cope with multiple testing due to the use of
four models, a Bonferroni correction was applied and the
significance level was set at 0.0125. All models were visu-
ally checked for normally distributed residuals using q-q-
plots.
Results
Descriptive characteristics of the study participants accord-
ing to availability of valid physical activity data and lan-
guage area are shown in table 1. In total, 394 (83%) of 476
consented preschool children had valid accelerometer data,
427 (90%) parents completed questionnaires, 463 (93%)
children had anthropometry data, and 348 (73%) had valid
motor tests. Children with missing or invalid accelerometer
data did not differ from those with valid physical activity
data, except for BMI (more overweight children had valid
physical activity data) and parent-child physical activity
(more children with high parent-child physical activity had
valid physical activity data). Children from the French lan-
guage area showed 13% less TPA, 14% less MVPA, 6%
less LPA and 8% more sedentary behaviour (all p ≤0.001)
compared with those from the German language area. Age,
sex, socioeconomic status, living area, prevalence of over-
weight, motor skill performance, migrant status, workload
of the parents and presence of older siblings did not differ
by language area. Children from the French-speaking area
differed according to season of the physical activity meas-
urement compared with children from the German-speak-
ing region (p <0.001). Furthermore, parents from the
French language area performed physical activity with
their child less often, had the subjective impression of liv-
ing in a less safe home environment and their children at-
tended childcare more often (all p <0.001).
Table 2 presents results from multilevel models testing the
association between potential correlates and physical activ-
ity or sedentary behaviour starting with model 1 as the
core model including language area and well-known fixed
individual factors. In models 2–4 successively addition-
al sets of potential correlates that may explain differen-
ces in physical activity and sedentary behaviour were ad-
ded. Among all tested correlates shown in figure 1, only
correlates significantly associated with physical activity or
sedentary behaviour in at least one of the models 1–4 are
shown, but the non-significant variables were kept in all
models. The language area was the most consistent correl-
ate of physical activity and sedentary behaviour that per-
sisted throughout the stepwise integration of all additional
sets of potential correlates. Despite controlling for indi-
vidual characteristics, familial factors and childcare expos-
ure, children from the French-speaking part of Switzerland
showed less Pphysical activityA and more sedentary beha-
viour than German-speaking children. The additional cor-
relates with an association with physical activity or sedent-
ary behaviour included age (increasing TPA and MVPA
with age), sex (boys showed more TPA and MVPA than
girls), season (more LPA and less sedentary behaviour in
Figure 1
Based on the socioecological model potential correlates of physical
activity and sedentary behaviour were grouped in different sets and
added stepwise in the analysis.
Model 1 included the core correlates with fixed individual factors,
Model 2 = Model 1 + modifiable individual factors, Model 3 = Model
2 + familial factors, Model 4 = Model 3 + childcare factor.
BMI = body mass index; SES = socioeconomic status
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autumn compared with spring), and motor skills (positively
related to TPA and MVPA).
Discussion
This study showed that discrepancies in physical activity
and sedentary behaviour along the French-German lan-
guage boundaries indeed already exist in Swiss preschool
children. These findings are in accordance with studies in
Swiss school-aged children [10, 12, 13] and adults [12, 24],
which indicated that the German-speaking part of Switzer-
land shows a healthier activity pattern than the French-
speaking area. These differences remained despite our ex-
tensive attempt to explain them by a stepwise integration of
known correlates of physical activity and sedentary beha-
viour in our age group, such as individual, familial or en-
vironmental factors.
The difference in physical activity and sedentary behaviour
remained stable across the language boundaries, even if the
models were controlled for known individual, familial and
environmental correlates of physical activity and sedent-
ary behaviour in the preschool period (see fig. 1). Age,
gender and motor skills were highly related to physical
activity and sedentary behaviour, but could not explain
Table 1: Descriptive characteristics of the participants.
Children without
valid physical
activity data
n = 82
Children
with valid
physical activity
data
n = 394
French-
speaking
children
n =104
German-
speaking
children
n = 290
Fixed individual factors
French-speaking children†, n (%) 19 (23) 104 (26) 104 (100) 0 (0)
Age (years) 3.8 ± 0.6 3.9 ± 0.7 3.8 ± 0.6 4.0 ± 0.7
Male, n (%) 38 (46) 213 (54) 57 (55) 156 (54)
Socioeconomic status‡ 63.8 ± 16.1 61.5 ± 15.9 58.5 ± 17.7 62.6 ± 15.0
Living area, n (%)
Urban 29 (35) 136 (35) 52 (50) 84 (29)
Rural 45 (55) 245 (62) 52 (50) 193 (67)
Season†, n (%)
Spring 32 (39) 226 (57) 70 (67) 156 (54)
Summer 33 (40) 98 (25) 18 (17) 80 (28)
Autumn 17 (21) 70 (18) 16 (15) 54 (19)
Modifiable individual factors
Body mass index*, n (%)
Normal weight 65 (79) 292 (74) 80 (77) 212 (73)
Overweight 9 (11) 97 (25) 22 (21) 75 (26)
Motor skills (z-scores) –0.04 ± 1.04 0.00 ± 1.00 0.04 ± 0.93 –0.01 ± 1.02
Familial factors
Migrant status, n (%)
Both parents Swiss 23 (28) 164 (42) 38 (37) 126 (43)
1 or 2 parent(s) from abroad 49 (60) 211 (54) 65 (63) 146 (50)
Workload, n (%)
No work 3 (4) 7 (2) 3 (3) 4 (1)
1 parent works 7 (9) 41 (10) 14 (13) 27 (9)
Single/both parent(s) work(s) 61 (74) 323 (82) 82 (79) 241 (83)
Older siblings, n (%)
Yes 29 (35) 164 (42) 49 (47) 115 (40)
No 44 (54) 217 (55) 55 (53) 162 (56)
Parent-child physical activity*†, n (%)
Never 14 (17) 36 (9) 22 (21) 14 (5)
Once a week 23 (28) 142 (36) 40 (38) 102 (35)
2 or more times/week 34 (41) 178 (45) 34 (33) 144 (50)
Home environment safety† 12.4 ± 6.8 12.5 ± 7.0 15.8 ± 7.2 11.3 ± 6.4
Childcare factors
Childcare attendance† (days/week) 3.0 ± 1.3 2.8 ± 1.2 3.4 ± 1.2 2.6 ± 1.1
Physical activity and sedentary behaviour
Mean wear time (min/day) 769 ± 35 768 ± 30 769 ± 36
Total physical activity† (counts/min) 624 ± 150 562 ± 118 646 ± 155
Moderate-to-vigorous physical activity† (min/day) 93 ± 30 83 ± 24 96 ± 30
Light physical activity† (min/day) 301 ± 33 288 ± 31 306 ± 33
Sedentary behaviour† (min/day) 374 ± 48 397 ± 41 367 ± 48
If not otherwise specified, values are mean ± standard deviation
* Significant difference between children with invalid vs valid physical activity data
† Significant difference between French- vs German-speaking part of Switzerland
‡ Based on the International Socio-Economic Index (ISEI)
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differences across language boundaries. The variability of
physical activity and sedentary behaviour among the
French- and German-speaking areas ranged from 6–14%,
corresponding to 13 min MVPA, 18 min LPA and 30 min
of sedentary behaviour per day. The difference in physical
activity between the two language regions remained sig-
nificant even when weekdays or weekend days were con-
sidered separately. These differences were shown to have a
significant, clinically relevant influence on cardiovascular
risk reduction in school-aged children [3, 25, 26], but their
relevance at preschool age is less clear [2]. As our children
meet guideline recommendations for physical activity of at
least 180 min of any type of physical activity per day or
60 min of MVPA even in the French part of Switzerland,
very early prevention to maintain sufficient levels of phys-
ical activity and prevent a rise in sedentary behaviour may
start during the first years of life and if so, needs to be ad-
apted to the regional sociocultural environment.
Age and sex have consistently been shown to be associated
with physical activity and sedentary behaviour in children
and adolescents. Physical activity increases continuously to
a peak in childhood with a culmination point that is not
well defined, but it drops thereafter towards adult levels
by about 4% per year [7]. Nevertheless, literature reports
are conflicting for the preschool age, ranging from a pos-
itive [6, 7] to no association [27]. Different findings may
have been caused by heterogeneous assessment methods
(types of accelerometers, chosen epoch length and/or cut-
points [28]) or a lack of variation in age range. Although
males show higher physical activity values than females
throughout life [6–8, 29], it is important to realise that
in our study this sex difference already existed at a very
young age, starting at 2 years. These gender differences
may also be rooted in a weaker influence of familial and
environmental factors on physical activity in girls than
boys [30] or may simply be inherited gender-related differ-
ences in temperament [31].
Motor skill performance was the only potentially modifi-
able correlate of physical activity and sedentary behaviour
that remained in the models 1–4 and on which we could
base intervention strategies. Children with more poorly de-
veloped motor skills were less active than those with better
performance, which is consistent with the literature for
both French- and German-speaking regions [32]. In fact, it
was shown that motor skill interventions improve physic-
al activity [33] and vice versa [1, 32]. The direction of the
relationship (i.e., whether children with better motor skills
are more active or more active children have better motor
skills) is still controversial [34]. However, the best strategy
may simply be to intervene on both sides of the equation.
Therefore attempts should be made to increase physical
activity and reduce sedentary behaviour on the one hand,
and to implement programmes aiming to improve motor
skills on the other hand. Intervening at a very young age,
preferably in the preschool setting, seems to be a conveni-
ent and effective way [35] not only to improve physical
activity and motor skills, but also to enhance psychosocial
health [2] and prevent obesity [36].
Strengths of the SPLASHY study are the randomly se-
lected, relatively large population within a small country,
with the ratio of French- to German-speaking participants
representing the proportional distribution in Switzerland.
Furthermore, objective assessments were applied whenever
possible. Limitations of our study include the fact that that
we only assessed physical activity of the two main lingual
regions, while the much smaller Italian and Rhaeto-Ro-
mance areas of Switzerland were not included for logistical
reasons. Furthermore, the study participation was voluntary
and focused only on children attending childcare, which
may have led to a potential participation bias. The assess-
Table 2: Data show imputed beta coefficients with 95% confidence limits for significant tested correlates of physical activity according to four models based on the
socioecological theory.
Model Language area Age Sex Season Motor skills
1 75.1 (42.6, 107.5) 58.6 (38.6, 78.6) –41.5 (–69.3, –13.7) n.s. –
2 76.7 (44.6, 108.8) 59.2 (39.6, 79.1) –42.0 (–69.4, –14.4) n.s. 25.5 (10.5, 40.4)
3 65.5 (31.5, 99.6) 57.2 (37.1, 77.3) –39.0 (–66.6, –11.2) n.s. 25.3 (10.1, 40.5)
TPA
(counts/min)
4 62.7 (28.0, 97.5) 56.8 (36.7, 76.9) –39.6 (–67.4, –11.6) n.s. 25.4 (10.2, 40.5)
1 11.7 (5.5, 17.8) 13.8 (10.1, 17.6) –13.3 (–18.5, –8.0) n.s. –
2 11.9 (5.9, 18.0) 14.0 (10.3, 17.8) –13.4 (–18.6, –8.2) n.s. 5.3 (2.5, 8.0)
3 10.8 (4.4, 17.3) 13.6 (9.8, 17.5) –12.9 (–18.2, –7.7) n.s. 5.3 (2.5, 8.1)
MVPA
(min/day)
4 10.6 (4.0, 17.2) 13.6 (9.8, 17.4) –13.0 (–18.2, –7.7) n.s. 5.3 (2.5, 8.1)
1 17.8 (10.3, 25.3) n.s. n.s. 14.4 (5.6, 23.3) –
2 17.8 (10.3, 25.3) n.s. n.s. 14.4 (5.4, 23.4) n.s.
3 16.2 (8.0, 24.5) n.s. n.s. 14.3 (4.9, 23.7) n.s.
LPA
(min/day)
4 14.7 (6.5, 23.0) n.s. n.s. 13.7 (4.4, 22.9) n.s.
1 –29.8 (–40.6, –19.0) n.s. n.s. –17.4 (–30.2, –4.5) –
2 –29.9 (–40.7, –19.1) n.s. n.s. n.s. n.s.
3 –25.1 (–36.5, –13.6) n.s. n.s. n.s. n.s.
sedentary
behaviour
(min/day)
4 –23.6 (–35.4, –12.0) n.s. n.s. n.s. n.s.
LPA = light physical activity; MVPA = moderate-to-vigorous physical activity; n.s. = not significant; TPA = total physical activity
Model 1 = fixed individual factors (language area, age, sex, SES, living area, season)
Model 2 = Model 1 + modifiable individual factors (BMI and motor skills)
Model 3 = Model 2 + familial factors (migrant status, parents workload, older siblings, parent-child physical activity, safety)
Model 4 = Model 3 + childcare factor (childcare attendance)
The reference category for language area is French (vs German), for sex boys (vs girls), and for season spring (vs autumn). Only the variables that were significant in at
least one of the models are listed
p-values ≥0.0125 are stated as not significant (n.s.).
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ments of rolling activities such as riding bogie wheels, tri-
cycles or bicycles are measured imprecisely by accelero-
meters because there is not much change in acceleration.
Even though we removed the night sleep between 9 p.m.
and 7 a.m., most of the preschool children still tended to
nap during the day. This day sleep could have led to an un-
derestimation of physical activity. Nevertheless, we assume
that most of this nap sleep was excluded from the analys-
is as a result of our definition of non-wear time (20 min
of consecutive zeros of recorded activity). The analysis ap-
proach included a number of data selection decisions (num-
ber of days, length of day, epoch length, cut-points and
definition of non-wear time). Any of these data selection
decisions could have influenced the results of the study,
but it is unlikely that this would have affected the German-
and French-speaking population differently. Another disad-
vantage was the fact that physical activity was not recorded
during water activities, which could have led to an under-
estimation of overall physical activity. However, our find-
ings perfectly reflect previous Swiss studies looking at dif-
ferences in physical activity or lifestyle behaviour in older
age groups [10, 12, 13, 24]. This may reinforce the assump-
tion that there was no major selection bias and the above-
mentioned limitations occurred at random in both language
areas.
Conclusion
Beside motor skills and non-modifiable individual factors,
the regional sociocultural difference in activity behaviour
beyond socioeconomic state was the most important cor-
relate of physical activity and sedentary behaviour and,
thus, may exist within one country and already at a very
young age. Key differences may occur according to lan-
guage boundaries (as in our example), religious differences
or an immigrant background. These differences may be
clinically relevant and should be assessed in multicultural
countries to better understand variation of physical activity
and sedentary behaviour within and between countries.
Finally, such findings will help to define public health re-
commendations and interventions that may need to be cul-
turally adapted.
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Figures (large format)
Figure 1
Based on the socioecological model potential correlates of physical activity and sedentary behaviour were grouped in different sets and added
stepwise in the analysis.
Model 1 included the core correlates with fixed individual factors, Model 2 = Model 1 + modifiable individual factors, Model 3 = Model 2 + familial
factors, Model 4 = Model 3 + childcare factor.
BMI = body mass index; SES = socioeconomic status
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